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(57) Abstract 

A radiotelephone (100) includes a multifunctional headset (110) that operates in two different modes. According to a first mode, 
the headset (110) may be mounted on a radiotelephone body (120) where it serves as a speaker (140) and microphone (150) for the 
radiotelephone (100). Also, the headset (110) can be separated from the body (120) of the portable radiotelephone (100) and placed on 
the head of the user. In this mode of operation, the headset (110) receives and transmits signals from and to the radiotelephone body 
(120) during a call, thus providing hands- free operation. The headset (110) can be attached to a user's bead by an ear clip (160). The 
headset (110) and body (120) may include low power RF transceivers (207). The headset (110) may contain power saving circuitry (245) 
to minimize power drain from an internal battery (240). The battery (240) may be recharged whenever the headset (110) is fixed to the 
radiotelephone (100). 
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RADIOTELEPHONE APPARATUS INCLUDING 
A WIRELESS HEADSET 

BACKGROUND 

The present invention relates to a 
5 radiotelephone apparatus including a wireless headset. 
More particularly, it relates to a multi-functional, 
wireless, hands-free headset which is separable from a 
radiotelephone apparatus. 

In recent years, the use of hand-held, portable 

10 radiotelephones has increased dramatically. Accompanying 
an increase in use of such portable radiotelephones has 
been a desire for easy and convenient operation of these 
devices. In particular, manufacturers of mobile cellular 
radiotelephones have long sought to provide efficient 

15 hands-free operation. In automobiles, for example, it is 
desirable to provide hands-free telephones for driver 
safety and convenience. With hands-free operation, the 
driver of a vehicle may use both hands to control the 
automobile. 

20 One method of hands-free operation can be 

achieved by simply increasing the gain of the telephone's 
microphone and speaker to allow a user to speak and 
listen from some distance from the unit. Such a 
telephone is commonly referred to as a speakerphone. 

25 However, several problems are associated with a system 
constructed in this manner. For example, feedback and 
interference from ambient noise often make it difficult 
to clearly understand the words of the user. To help 
offset problems due to ambient noise, the microphone gain 

30 can be reduced by placing an external microphone 
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connected via a wire to the main body of the 
radiotelephone close to the user's mouth. Nevertheless, 
the telephone speaker must still operate at high volume 
thereby diminishing the privacy of the received call. 
5 Another solution is a headset with a microphone 

and earphone as shown in Fig. i. A cable connects the 
headset to the main telephone apparatus. Although having 
improved performance and privacy, the headset must still 
be wired to the radiotelephone unit, wire connections 
10 are often inconvenient for use with a portable 
radiotelephone. 



15 



20 



SUMMARY 



To overcome the drawbacks of conventional 
radiotelephone units, the present invention employs a 
wireless means for communicating between a headset and a 
portable radiotelephone unit. Further, the headset 
operates in two modes. According to a first mode, the 
headset may be mounted on the radiotelephone where it 
serves as a speaker and microphone. Also, the headset 
can be separated from the body of the radiotelephone and 
placed on the head of the user. In this mode of 
operation, the headset receives and transmits 
communication signals from and to the body of the 
radiotelephone during a call, thus providing hands-free 
25 operation. 

According to one embodiment of the present 
invention, a radiotelephone apparatus includes a body 
having means for communicating with a radiotelephone 
network and a headset separable from the body. The 
30 headset and body include respective means for 

electrically or wirelessly communicating. When the 
headset is attached to the body, the headset and body 
electrically communicate. When the headset is detached 
from the body, the headset wirelessly communicates with 
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the communicating means. At least part of the headset 
can be mounted within the body when the headset is 
attached to the body. 

The headset includes various components , such 
5 as a means for receiving a modulated carrier signal from 
the communicating means in the body, means for recovering 
an audio signal from the modulated carrier signal , means 
for amplifying the audio signal, and means for converting 
the audio signal to a sound signal. Several types "of 

10 modulation may be used in communicating the audio signal. 
For example, it is possible to use frequency modulation 
or pulse width modulation. 

Also, the body may include means for 
controlling the gain of the headset's amplifying means. 

15 The converting means can be a dynamic speaker or a 
piezoelectric transducer. The headset is removably 
attachable to a user's head, typically by an ear clip 
which fits behind the user's ear. The headset may 
further include a rechargeable battery for supplying 

20 power to the transceiver means and the amplifying means. 
The rechargeable battery may be recharged by the 
radiotelephone body when the headset is attached thereto. 

Several advantages are realized by the present 
invention, including improved performance in the hands - 

25 free operation of a portable radiotelephone. For 
example, hands-free operation can be provided with 
increased privacy and convenience s 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be described in 
3 0 more detail with reference to preferred embodiments, 
given only by way of example and illustrated in the 
accompanying drawings, in which: 

Fig. 1 is a radiotelephone apparatus according 
to a conventional system; 
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Figs. 2a - 2c are s . de an(J 

EES"" apparatus ln ac ~ - h 

invention; accordance with Applicant's 

Pigs. 4a, 4b show circuitry for 
according to the present invention; 

" obtaining ^V-J^T^ "* CirCU " *« 

index; 1B9 a ^"M* nodulation 

DETAILED DESCRIPTION 

While the following description is in th. 

■0 Convocation JZoZ i and/ ° r Pe " 0nal 

billed in the " be und *"tood *T those 

aonli.„ ♦ "! hS P rese "t invention nay be 

appned to other communication applications. . 

show tronJlZl ll lT\\^° **" "* »« 

radio*.! k S6parable f ro m the body 120 of the 
radiotelephone as shown in Fig. 2 c Th e h ea * T 

y 01 ways including via radio frequency 



BNSDOCID: <WO 9429966A1 I > 



WO 94/29966 PCT/US94/06239 

- 5 _ 

signals, ultrasonic signals, and infrared signals. An 
antenna 170 on the body is provided for communicating 
with a radiotelephone network. 

In accordance with Applicant's invention, when 
5 the headset 110 is attached to the radiotelephone body 
120, a speaker 140 and a microphone 150 serve their 
respective functions for the radiotelephone 100. The 
speaker 14 0 and microphone 150 also serve those functions 
when the headset is detached from the body 12 0. 

10 As illustrated in Figs. 3a-3c, the headset 110 

is conveniently attached to the radiotelephone body 120 
by releasable clasps 130. The shaded illustrations of 
the headset 110 in Figs. 3b, 3c represent sections along 
line A-A in Fig. 3a. As seen in these figures, each 

15 clasp 13 0 advantageously comprises a slot 13 2 for 

engaging a generally T-shaped post 134. In Fig. 3b, the 
posts are pushed into the wider portions of the slots in 
the direction of the horizontal arrow and then the 
headset and body are engaged by sliding the headset down 

2 0 in the direction of the vertical arrow so that the 

crossbars of the T-shaped posts are disposed within the 
narrower portions of the slots. The headset and body are 
shown engaged in Fig. 3c. As noted above, the posts and 
slots may include contacts 136 for electrically 

25 connecting the headset to the body. Besides providing a 
path for communication signals, the contacts 136 may be 
used for recharging a battery in the headset 110. It 
will be appreciated that the wiping action obtained when 
the headset and body are engaged/disengaged helps to keep 

30 the surfaces of the contacts 136 clean. 

As seen in Figs. 2b, 2c, the headset 110 may 
also include a suitable ear clip 160, such as a simple 
wire loop that fits behind the user's ear to hold the 
headset securely to a user's head. The ear clip 160 may 

35 rotate over a limited range to comfortably accommodate 

individual users. The user may easily remove the headset 
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110 from his or her head by simply lifting the ear clip 
160 portion of the headset 110 above the ear. It will be 
appreciated that instead of being held to the user's ear 
by the clip 160 the user could hold the headset to his or 
5 her ear as is done with a conventional telephone handset. 

Referring to Fig. 4a , the headset no includes 
a transmitter 205 and a receiver 210, which allow for 
duplex communication with the radiotelephone body 12 0. 
To minimize interference and user exposure, an RF power 
10 level emitted by the transmitter 205 can be very low, 
e.g., on the order of tens of microwatts. Thus, the 
headset can communicate with the radiotelephone body over 
only short distances, for example, a few meters, it will 
be appreciated that the body 120 includes circuits 
15 comparable to those shown in Fig. 4a. 

The headset 110 also includes an antenna 215 
for transmitting and receiving signals from the 
radiotelephone body 120. For RF signals, the antenna may 
be a small coil or wire disposed within the body of the 
headset, or it may be located in the ear clip 160. The 
receiver 210 detects and demodulates the signal from the 
antenna 215 to produce an audio signal. Several types of 
modulation may be employed including frequency modulation 
(FM) , pulse width modulation (PWM) , amplitude modulation 
(AM) , single sideband AM, quadrature phase shift keying 
(QPSK), etc. As described below, FM of an RF signal is 
currently preferred. Rather than RF signals, ultrasonic 
signals or infrared signals may be exchanged between the 
radiotelephone body 120 and the headset 110; the antenna, 
transmitter, and receiver would be modified accordingly. 

The audio signal produced by the receiver 210 
is passed to an audio amplifier 22 0 and to the speaker 
140. The currently preferred way of controlling the 
volume of the headset 110 involves simply increasing the 
modulation index of the FM signal sent by the body to the 
headset. An increased modulation index (i.e., an 
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increased frequency deviation from the nominal center 
frequency) corresponds to a greater audio volume* Fig. 5 
illustrates an exemplary circuit for obtaining such an FM 
signal having a variable modulation index. 
5 In general, an otherwise conventional phase- 

locked loop ("PLL") 6 00 is frequency modulated by adding 
a modulating voltage to the feedback loop. In the PLL f a 
part of the loop's output signal 680 is fed back into the 
loop's summing amplifier 62 0 where it is compared to a 

10 reference signal produced by a reference oscillator 610. 
The output, or error, signal produced by the amplifier 
620 is spectrally shaped by a loop filter 630, and, in a 
conventional PLL, the result is applied to a voltage- 
controlled oscillator ("VCO") 650. It will be 

15 appreciated that the error signal will drive the 

frequency of the loop output 680 (i.e., the output signal 
produced by the VCO 650) toward the frequency of the 
reference oscillator 610. The output signal produced by 
the VCO can then be frequency shifted and transmitted in 

20 accordance with common radio techniques. 

To frequency modulate the loop, an audio 
input signal 660 is conveniently added to the error 
signal by a differential amplifier 640. If the bandwidth 
of the loop filter 63 0 is such that the frequencies in 

25 the audio input signal are outside the loop dynamics, 
then the instantaneous frequency of the VCO 650 is 
proportional to the magnitude of the audio input signal. 
Keeping the loop locked to the reference oscillator 610 
ensures that the frequency deviates about the fixed 

30 reference frequency. The modulation index of the output 
signal 680 can be increased simply by increasing the 
magnitude of the audio input signal, for example by using 
a voltage divider 67 0. The divider 670 is preferably 
controlled by a microprocessor (not shown) in response to 

35 actuation of appropriate keys on the body 120. 
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An advantage of the foregoing volume control 
arrangement is that no special circuitry or other 
hardware is required on the receiving end, i.e., in the 
headset. Also, a simple conventional FM discriminator 
circuit will automatically produce an audio output signal 
that is proportional in amplitude and frequency to the 
modulating audio input signal, if passed through a 
fixed-gain amplifier 220, the speaker volume will vary 
accordingly, in this way, the headset can use common, 
inexpensive circuits that draw little battery power. 

As a more complicated alternative embodiment of 
the headset no that is shown in Fig. 4b, burst PSK data 
sequences sent by the radiotelephone body 120 cause a 
gain control circuit 225 to increment or decrement the 
gain of the amplifier 220. During a message burst, the 
audio may briefly be muted. A dotting sequence, or 
special tone, may be sent as a preamble to a volume 
control command to initiate the muting operation. Thus, 
the audio volume of the speaker 140 is controlled by the 
circuit 225, advantageously in response to keys located 
on the radiotelephone body 120. In Fig. 4b, the 
transmitter 205 and receiver 210 are represented by a 
transceiver 207. 

The amplified audio signal produced by the 
amplifier 220 is subsequently applied to the speaker 140 
which converts it into sound. A conventional dynamic 
speaker is preferable for its good sound quality and 
relatively modest power requirements, but a more compact, 
piezoelectric speaker may also be used. 

In the embodiment illustrated in Fig. 4a, the 
microphone 150 converts speech uttered by a user of the 
headset 110 into electrical signals that are supplied to 
a bandpass filter 230 for reducing extraneous noise. The 
output of the filter 230 may be amplified by a suitable 
amplifier 235, the output of which is provided to the 
transmitter 205. In the embodiment shown in Fig. 4b, the 
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output of the microphone 150 is provided to the 
transceiver 207, which modulates an RF carrier with that 
output. It will be appreciated that the transceiver 207 
may also include suitable audio signal conditioning 
5 components. In either embodiment , a modulated carrier is 
coupled to the antenna 215 which radiates to the main 
body 12 0 of the radiotelephone. 

The components in the headset 110 may 
advantageously be powered by a miniature rechargeable 

10 battery 240. The battery 240 may be connected to 

contacts 136 to provide for recharging the battery when 
the headset is attached to the radiotelephone body 120. 
Alternately, means may be provided in the radiotelephone 
body 120 for inductively coupling energy to the battery. 

15 Such inductive coupling devices are well known and used 
in many rechargeable products to eliminate the direct 
electrical contact. An inductive coupler may be 
desirable in that the possibility of failure of the 
contact, either mechanically or due to environmental 

20 contamination, can be avoided. As an alternative, the 
headset may be powered by RF energy transmitted by the 
radiotelephone body 12 0 and the battery omitted. 

When the headset 110 is stowed, i.e., attached 
to the body 12 0, it may receive electric power from the 

25 body 120 through the contacts 13 6 and bypass the battery 
240. The battery 24 0 may be recharged when the headset 
is attached to the radiotelephone body 120. When the 
headset 110 is not stowed, the recharging contacts 13 6 
may be deactivated. 

30 Also, the headset 110 may contain a power 

saving circuit 245 to prolong the life of the 
rechargeable battery 240, It will be appreciated that in 
the absence of a signal from the body 12 0, there is no 
need to power the audio amplifiers or transmitter 

35 circuits in the headset, only the receiver circuit. in 
the absence of RF-carrier power from the radiotelephone 
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body 120, the power saving circuit 245 shuts down all 
nonessential circuits thereby reducing battery drain. 
When the receiver circuit receives an RF signal from the 
body i 20/ the receiver (or transceiver) generates a 
5 signal that causes the power saving circuit 245 

comprising a switch as shown in Fig. 4a, to provide power 
to the other components. 

The receiver can generate the control signal 
for the circuit 245 based on an increase in the received 
10 signal strength indicator («RSSI«). such use of the RSSI 
and receivers including components associated with the 
RSSI are known. The power saving circuit 245 may easily 
be realized as part of a monolithic device, which can 
include the other electronic components of the headset. 

As noted above and as illustrated in Fig. 6 an 
antenna 250 and a low-power transceiver or transmitter 
and receiver 255 similar to those in the headset no are 
provided in the body 120 of the radiotelephone. The 
body's components 255 provide and accept signals to and 
from a suitable transceiver 260 or other means for 
communicating with a radiotelephone network. Also, the 
antenna 170 (shown in Figs, 2a-2c) used by the 
radiotelephone unit 100 for communicating with the 
cellular network may be used for two-way wireless 
25 communication between the headset 110 and the 

radiotelephone body 120. indeed, it will be appreciated 
that the body's components 255 and/or 260 may perform the 
function of .communicating with the radiotelephone network- 
as well as the function of communicating with the 
headset, and similar communication signals may be used. 

Another embodiment of the present invention is 
illustrated in Fig. 7, which shows the headset no stowed 
within a correspondingly shaped cavity in the 
radiotelephone body 120. The cavity is preferably shaped 
so that the headset no and body 120 form a compact unit 
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While particular embodiments of Applicant's 
invention have been described and illustrated , it should 
be understood that his invention is not limited thereto. 
This application contemplates any and all modifications 
5 that fall within the spirit and scope of Applicant's 
invention as defined by the following claims. 
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WHAT IS CLAIMED TS: 

1. A radiotelephone apparatus comprising: 

a body, including first means for communicating 

with a radiotelephone network; and 
5 a headset, selectively attachable to the body 

and including second means for communicating with the 

body, 

wherein the body includes third means for 
communicating with the headset and, when the headset is 
10 attached to the body, the headset is in one of electrical 
and wireless communication with the body and, when the 
headset is detached from the body, the headset is in 
wireless communication with the body. 



15 



2. The radiotelephone apparatus of claim l, 
wherein the second communicating means includes? 

means for receiving a modulated carrier signal 
from the third communicating means; and 

means for recovering an audio signal from the 
modulated carrier signal; 
20 and the headset further includes: 

means for amplifying the audio signal recovered 
by the recovering means; and 

means for converting the audio signal to a 
sound signal. 

25 . . 3 v The radiotelephone apparatus of claim 2, 

wherein the body further includes means for adjusting a 
gain of the amplifying means. 

4. The radiotelephone apparatus of claim 2, 
wherein the converting means is one of a dynamic speaker 
30 and a piezoelectric transducer. 
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5. The radiotelephone apparatus of claim 2, 
wherein the headset further includes means for converting 
a voice signal to a return audio signal , and the second 
communicating means modulates a return carrier signal 

5 according to the return audio signal and transmits the 
modulated return carrier signal to the third 
communicating means. 

6. The radiotelephone apparatus of claim 2, 
wherein the headset further includes means for removably 

10 attaching the headset to a user's head* 

7. The radiotelephone apparatus of claim 6, 
wherein the attaching means is an ear clip which fits 
behind a lobe of a user's ear* 

8. The radiotelephone apparatus of claim 6, 

15 wherein the receiving means is an antenna disposed in the 
attaching means. 

9. The radiotelephone apparatus of claim 2, 
wherein the headset further includes a battery for 
supplying electric power to the second communicating 

2 0 means and the amplifying means* 

10. The radiotelephone apparatus of claim 9, 
wherein the headset and body further include releasable 
clasps , each releasable clasp including a contact 
connected to the battery , and the body further includes 

25 means / connected to a contact , for recharging the battery 
when the headset is attached to the body. 

11. The radiotelephone apparatus of claim 9, 
wherein the body further includes means for recharging 
the battery, the recharging means being inductively 
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coupled to the battery when the headset is attached to 
the body. 

12. The radiotelephone apparatus of claim 9, 
wherein the headset further includes means for reducing 

5 power drain from the battery when the receiving means is 
not receiving a modulated carrier signal. 

13. The radiotelephone apparatus of claim 2, 
wherein the modulated carrier signal is one of a 
frequency-modulated and pulse-width-modulated signal. 

10 14 • The radiotelephone apparatus of claim l, 

wherein the body further includes means for transmitting 
RF energy for powering the headset. 

15. The radiotelephone apparatus of claim 1, 
wherein at least part of the headset is stowed within a 

15 cavity in the body when the headset is attached to the 
body. 

16. A radiotelephone apparatus comprising: 
a radiotelephone body; and 

a headset, separable from the radiotelephone 

20 body, 

wherein the radiotelephone body includes means 
for communicating with a radiotelephone network and for 
two-way wireless ly communicating with the headset. 
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